Modern weld controllers typically use current to control the weld process. SRS uses a legacy voltage control method. This task was undertaken to determine if the improvements in the weld control equipment could be implemented to provide improvements to the process control. The constant current mode of operation will reduce weld variability by about a factor of 4. The constant voltage welds were slightly hotter than the constant current welds of the same nominal current. The control mode did not appear to adversely affect the weld quality, but appropriate current ranges need to be established and a qualification methodology for both welding and shunt calibrations needs to be developed and documented.
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Abstract
Modern weld controllers typically use current to control the weld process. SRS uses a legacy voltage control method. This task was undertaken to determine if the improvements in the weld control equipment could be implemented to provide improvements to the process control. The constant current mode of operation will reduce weld variability by about a factor of 4. The constant voltage welds were slightly hotter than the constant current welds of the same nominal current. The control mode did not appear to adversely affect the weld quality, but appropriate current ranges need to be established and a qualification methodology for both welding and shunt calibrations needs to be developed and documented.
Background
Pinch welding has been successfully used to close and seal tritium containing reservoirs for over 50 years. The mechanical objects used to seal the vessels have changed over time and the electrical equipment has been modified and replaced . Today, the pinch welding process uses a commercial, solid state weld controller to function as a simple switch to turn welding current on and off for a precise interval. The weld heat, measured in terms of weld current, must be varied to address the process variables. An operator controls the weld heat by manually setting the output voltage with a variable transformer called a Powerstat. This control mechanism is known as a constant voltage weld process. The voltage and the cumulative series resistance of the system determine the resulting weld current. Weld qualifications are established by demonstrating the weld integrity produced by welding within certain force and voltage parameters for a specified number of weld cycles. The welding engineer must use prior experience and previous weld data to determine the controlling voltage as a starting point with test welds and then control the voltage to achieve the desired weld current in the process. Since the current is really the primary welding variable, a controller that controls current should result in more reproducible weld conditions. Powerstats are used at SRS for historical reasons. Today, those reasons are no longer present. Like most commercial weld controllers, the Medar controllers that are in use in the loading lines in Defense Programs are capable of controlling the weld heat by varying the phase angle of firing of the SCRs (silicon control rectifiers). The Medar controller also has the capability of introducing a feedback mechanism using the measured weld current to control the actual current or %I (percent current), real-time during the weld, to drive the current to a programmed target value. This technique has been successfully demonstrated with the reclamation weld process and is in use in production.
This PDRD task was undertaken to investigate the suitability of using constant current to control pinch welding. Test welds were made to evaluate the reproducibility of the process and to WSRC-TR-2005-00434 Weld Control for Pinch Welding determine the effects on the bond. All welds were confined pinch welds using a nominal 1250 lbs force, 12 cycles, and current as indicated. The welds were made in both air (constant current and welds identified only as CV ####-3) and nitrogen (welds identified as DOEx-2).
Results
Preliminary work was conducted to determine the relative stability of the process and to see if the constant current process offered improvements over the constant voltage mode of operation. These preliminary results are indicted in Table 1 which shows that the constant current mode of operation reduces the variability of the current from a maximum of 125 A to less than 25 A. Based on these results additional machine and metallurgical tests were performed. In the testing reported for the latest study, the set-point voltage was not altered between welds so the resultant current for the constant voltage control was more consistent than indicated in Table 1 .
The test matrix used for this study is shown in Tables 2 and 3 for both the machine settings and results. Welds were made under cold (3200 A), Nominal (3750 A) and Hot (4000 A) conditions for both constant current and constant voltage control using the same weld control program at 1250 Lbs force and 12 cycles with 3/16" radius tungsten tipped copper electrodes. The different control methods exhibit distinct electrical characteristics for delivering the current to the welder. In the constant voltage mode, the current data forms a continuous sinusoidal wave while the constant current mode results in a chopped wave as shown in Figure 1a and 1b. The current data for two data series are overlaid in Figure 2 . The chopped sine wave is apparent in both Figures 1 and 2.
The effect of the different control methods on the metallurgical bond was evaluated by examining both transverse and longitudinal cross-sections of the tubes. It is apparent that the weld heat for the constant voltage mode is somewhat greater than that for the constant current mode due to the presence of melting. This attribute is especially obvious for the welds made at nominally 4000 A in which the constant voltage mode has a sizeable weld nugget and the constant current sample does not, as shown in Figure 3 . The calculated weld heat is similar for both the constant current and constant voltage controlled welds.
The relative difference in weld heat can also be noted by the closure length data listed in Table 3 . The closure length data comparing the two methods is shown graphically in Figure 4 . The closure length is consistently greater for the constant voltage by 0.016 to .008" between 3200 and 4000 A. Note that the closure lengths for the constant current test welds are more consistent than those for the constant voltage test welds.
Conclusions
The constant current mode of control for pinch welds exhibits less variability than constant voltage control when the set-point is changed for each weld.
The current control welds in this study were cooler than the voltage control welds.
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The weld closure lengths for the constant current welds were more consistent than the closure lengths for the constant voltage welds.
Recommendations
The constant current mode of control offers improvements in weld consistency. However, additional testing is needed to develop comparable weld heats for the two control methods. Also, the effects of different weld heads or system inductance on weld consistency for constant current control needs to be determined since all of these welds were made under nearly identical conditions on a single weld head. Limits and notes: Electrode alignment <0.010", minimum wall thickness 0.020", Closure length 0.100" minimum, Extrusion ratio <1, Bond rating 1 or 2, thickness 0.045-0.070", width < 0.130". 
